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Abstract
The effect of cold and hot aqueous leaf extracts of Lantana  camara  L. on the germination and seedling growth of Phalaris  minor
Retz. and Sorghum  bicolor  L. (Moench) was evaluated. Bioassays indicated that the inhibitory effect of the allelopathic plant on
the germination percentage (GP), inhibition percentage (IP) and seed germination index (SGI) of the two recipient weed species
was proportional to the concentration of the extract. High concentrations had stronger inhibitory effect than low concentrations that
showed no stimulatory effect on both species. Both plumule (PL) and radicle (RL) lengths of the recipient species were affected
negatively due to the addition of L.  camara  extracts and this effect was directly proportional to the concentration and more significant
in the case of the radicle of P.  minor  compared with S.  bicolor. Our results suggested that L.  camara  aqueous extract could be used
as a potential allelopathic substance for some weed bio-control.
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1.  Introduction
Great interest in the application of allelopathic com-
pounds as biological control was reviewed by Einhellig
[1] and Inderjit [2]. Meanwhile, during the past few
decades many researches had been carried out to explore
the allelopathic potential of crops and other plants to∗ Corresponding author. Tel.: +20 1117293789.
E-mail  addresses: emantahaali@yahoo.com,
m adbelkareem@hotmail.com (E.T. El-Kenany).
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control weeds [3]. In general, allelochemicals from
plants are considered to be safe and beneficial to environ-
ment and mankind, unlike synthetic chemical herbicides
widely used which may pollute water and soil in crop
ecosystems [4].
Lantana camara  L. (a rapid-growing perennial woody
shrub belongs to family Verbenaceae) is considered as
one of world’s top 100 invasive species and top 10 worst
weeds of the world [5,6] and is serious weed in 14 crops
in many tropical and subtropical countries [7].
Allelochemicals are present in all parts of the shrub,
on their releasing in surrounding; these chemicals
interfere with germination of many species [8–10].
Allelopathy of L.  camara  may be the cause of its tox-
icity to living beings and its ability to cause shifts in
species distribution and composition when it invades
other ecosystems [11]. Lantana  is an aggressive invader
of natural ecosystem [10].
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Aqueous leaf extract of L.  camara  produced
nhibitory effect on growth of Parthenium  hysterophorus
12] and caused significant inhibitory effect on germi-
ation, root and shoot elongation and development of
ateral roots of six popular agricultural crops [13]. Addi-
ionally, allelopathic effects of L.  camara  on germination
nd seedling vigor of many agricultural crops, such as
ice [14,15], wheat [16,17] and soybean [18] have been
eported.Phalaris minor  is a monocot weed plant related to
amily Poaceae. During recent years, this weed has
ecome a main constraint in realizing the yield potential hot aqueous extracts on germination percentage of two weed species
y t-test).
of wheat crop [19]. An exploratory survey conducted
jointly by the CIIMYT, IRRI and Haryana Agricultural
University in Kamal and Kurukshetra district of Haryana
[20], also concluded that P.  minor  was the major factor
responsible for regional productivity loss. Yield losses
especially from P. minor  alone are estimated to the tune
of 25-50 percent, and in very severe infestation the losses
may go up to 80 percent [21]. Due to its identical growing
nature and resemblance with wheat crop, its mechanical
removal is quite cumbersome and costlier [19].
Sorghum bicolor  is a Poaceae related annual plant
used largely for forage and it is very important in
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Fig. 2. Allelopathic effects of different concentrations of L. camara cold and hot aqueous extracts on germination index of two weed species
(P-value = 0.01 and 0.7 for P. minor and S. bicolor respectively as evaluated by t-test).the world’s human diet, with over 300 million people
dependent on it [22]. It was reported to be antiabortive,
cyanogenetic, demulcent, diuretic, emollient, intoxicant,
and is a folk remedy for cancer, epilepsy, flux, and stom-
achache [23].The present study was designed to evaluate the effect
of the cold and hot aqueous leaf extracts of L.  camara  on
the germination and seedling growth of P.  minor  Retz.
and S.  bicolor  L. (Moench).2. Materials  and  methods
2.1. Collection  and  extraction  of  plant  materials
L. camara  L. (family Verbenaceae) was collected
from the Botanic Garden of the Faculty of Science,
Alexandria University, Alexandria, Egypt. The leaf
extract was used as it was found to exhibit maximum
inhibitory effect followed by the stem and the root
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xtracts [11]. Healthy leaves were selected carefully,
ashed in running tap water for removing the surface
ontaminants and dust and dried at room temperature
or three days in shade. After drying the leaves were
owdered using electric blender. Stock aqueous extract
as obtained by soaking 50 g leaf powder in 500 ml of
old and hot (boiled) distilled water (10%, w/v) at room
emperature (20 ±  2 ◦C) for 24 h with occasional shak-
ng. The mixtures were filtered through two layers of
heesecloth and centrifuged for 20 min at 5000 rpm to
emove particulate materials. The purified extracts were
djusted to 6.8 with 1 M HCl and were kept in the refrig-
rator at 5 ◦C until used. These extracts (stock) would be
ull strength concentration (100%) and from each series
f dilutions were prepared (10%, 25%, 50% and 75%) in
ddition to the control (0%) and tested for their effects
n germination and seedling growth of P.  minor  and S.
icolor. The two types of the extracts were prepared
ccording to Al-Charchafchi et al. [24].
.2. Germination  bioassay
Petri-dish experiment was applied to investigate the
otential allelopathic effects of cold and hot L.  camara
queous extracts (CLCAE and HLCAE respectively) on
ermination percentage (GP), inhibition percentage (IP),
eed germination index (SGI), and plumule (PL) and
adicle (RL) lengths. In addition, relative germination
atio (RGR) was calculated from the GP of the allelo-
athic treated seeds and GP of the control. To accomplishot aqueous extracts on relative germination ratio of two weed species
 by t-test).
this experiment, 10 seeds of each of the two weed recip-
ient species were arranged in 9 cm diameter Petri-dishes
on 2 discs of Whatman No.1 filter paper under normal
laboratory conditions with day temperature range of 25-
30 ◦C and night temperature range 20-25 ◦C. Five ml of
CLCAE and HLCAE were added daily to three repli-
cates. GP, RL and PL were recorded daily for successive
seven days.
2.3. Calculations
2.3.1. Germination  percentage  (GP)
GP = number of germinated seeds/total number of
seeds ×  100.
2.3.2. Seed  germination  index  (SGI)
Seed germination index (SGI) was calculated accord-
ing to the equation of Scott et al. [25].
SGI = ΣTiNi
S
where Ti  is the number of days after sowing, Ni  is the
number of seeds germinated on day i, S  is the total num-
ber of seeds planted.2.3.3. Relative  germination  ratio  (RGR)
RGR = (allelopathic/control) ×  100.
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2.4.  Statistical  analyses
Data concerning the effect of different concentrations
of cold and hot L.  camara  aqueous extracts (CLCAE and
HLCAE respectively) on germination percentage (GP),
seed germination index (SGI), and plumule (PL) and
radicle (RL) lengths were subjected to paired t-test to
assess the significance level between the two types of
extracts using SPSS 10 statistical package.
3. Results
The germination percentage (GP) (Fig. 1) and seed
germination index (SGI) (Fig. 2) of P.  minor  and S.
bicolor was significantly affected by cold and hot L.
camara aqueous extracts (CLCAE and HLCAE) respec-
tively. It was also clear that hot aqueous extract of the
donor species had greater inhibitory effect on the ger-
mination of P.  minor  than cold extract. Meanwhile, in
the case of S.  bicolor  the hot aqueous extract showed
slightly greater inhibition in the high concentrations
only. The inhibitory effect on the germination of the
recipient species was proportional to the concentration of
the extract and the higher concentration had the strongest
inhibitory effect for both cold and hot extracts. For exam-
ple, after 5 days the GP of P.  minor  was reduced from
50% (at control) to less than 30 and 15% in the case of
10 and 25% hot extracts respectively (Fig. 1). Increasing
concentration of the extracts may completely inhibit the
germination process. The same trend was more or less
noticed in the case of S.  bicolor  but with lesser extent,
where the decrease in GP was about 23% due to the
addition of 100% hot extract (Fig. 1). These results were
supported also by the relative germination ratio (RGR)
presented in Fig. 3 for P.  minor  and S.  bicolor. The t-
value (p) for testing the effect of cold and hot aqueous
extracts on the germination percentage (GP) and seed
germination index (SGI) of P.  minor  and S.  bicolor  was
calculated. The donor aqueous extract exhibited a sig-
nificant decrease in germination percentage (GP) of the
two recipient species in all the applied concentrations.
Additionally, both plumule (PL) and radicle (RL)
lengths of the two recipient species were affected neg-
atively due to the addition of CLCAE and HLCAE
(Figs. 4 and 5). This effect was directly proportional to
the concentration of the extract, although it was more
prominent in the case of P.  minor  than S.  bicolor. For
instance, in the case of P.  minor, PL was reduced after 4
days of sowing from more than 7.5 cm (control) to less
than 2.5 cm due to 75% cold aqueous extract and from
about 8 cm (control) to less than 2 cm due to 50% hot
aqueous extract (Fig. 4). RL of P.  minor  was also reducedh University for Science 7 (2013) 64–71
after 4 days from sowing from more than 4.5 cm (control)
to less than 2.5 cm due to 75% cold aqueous extract and
from 4 cm (control) to 0.5 cm due to 50% of hot aqueous
extract (Fig. 5).
Obviously, after 4 days from seed sowing (PL) of
S. bicolor  was reduced from about 3.5 cm (control) to
less than 1.5 cm (at maximum concentration, 100%) due
to applying both cold and hot aqueous extracts (Fig. 4).
Similarly, RL was also reduced from about 6 cm (control)
to about 1.5 cm (at maximum concentration, 100%) due
to the effect of cold and hot aqueous extract (Fig. 5).
4. Discussion
The present study indicated that cold and hot aque-
ous extracts of L.  camara  (donor species) exhibit strong
inhibitory allelopathic effect on the germination process
of P. minor  and S.  bicolor  (recipient species). The germi-
nation of P. minor  was highly sensitive to the donor hot
extract in comparison with S.  bicolor  and finally the hot
extract had greater inhibitory effect on the germination of
P. minor  compared to the cold. At the same time the hot
extract showed slightly greater inhibition of S. bicolor
at the high concentrations only. These results were sup-
ported also by the relative germination ratio calculated
in the present study. Ambika et al. [8] and Bais et al. [9]
reported that leaves, roots and fruits of L.  camara  contain
allelochemicals, mainly aromatic alkaloids and pheno-
lic compounds which interfere with germination and
growth of many species. Concurrent with this feature,
L. camara  has potentiality to prevent natural regenera-
tion of some tree species, blocks succession and replaces
native species thus eventually it threatens biodiversity
of naturalized areas [8,26]. Meanwhile, the regenera-
tion percentage of Pogonatum  aloides  decreased with
the increase in leaf, stem and root extracts concentration
of L.  camara  and this decrement was higher in the case
of leaf extract than those of stem and root [11].
In India, aqueous extract of L. camara  had been
widely described as allelopathic against many crops
and weeds [14] and it upsets important value indices
of four major woody shrubs [27]. Emergence and dry
weight of selected crop species were affected when
L. camara  was present on the soil surface or incorpo-
rated into the soil [28], while different concentrations
of aqueous leaf extracts caused significant inhibitory
effect on germination, root and shoot elongation and
development of lateral roots of some agricultural crops
in Bangladesh [13]. At the same time, germination
and seedling growth in terms of leaf production, root
biomass, shoot length, and shoot biomass of Bauhinia
petersiana was reduced by the addition of L.  camara
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ere obtained by Mishra and Singh [12] on the recip-
ent species; P.  hysterophorus. Furthermore, L.  camara
ssential oil attained high percentages in sesquiterpene
ydrocarbons that showed powerful phytotoxic activity
gainst Amaranthus  hybridus, inhibiting its germination
nd seedling length [30].
Data of the current study confirmed that both plumule
nd radicle lengths of P.  minor  and  S.  bicolor  were
xtremely affected due to the addition of L.  camara  cold
nd hot extracts and this effect is concentration depend-
nt, and was more significant in case of the radicle ofd hot aqueous extracts on plumule length of two weed species (P-
-test).
P. minor.  Several studies showed that full-strength aque-
ous extract of L.  camara  caused significant reduction in
seedling length of all the bioassay species. For example,
seedling length of rape, Chinese cabbage, and spinach
was 35, 36, and 37% of the control, respectively. On the
other hand, seedling lengths of chilli and cucumber were
less affected (54 and 69% of control, respectively) at the
highest concentration [28].
Although low concentrations of L. camara  showed
stimulatory effect in some cases [29], the current study
showed no stimulatory effect on both recipient species.
One of the more striking features of L.  camara  was its
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and 0.04 for P. minor and S. bicolor respectively as evaluated by t-test
ability to increase soil pH, Ca, organic C, aeration, and
moisture content and to reduce certain ions, chiefly, Fe,
S, Mn, Na, and Cu. The latter set of ions, if present
in excess, could affect negatively rhizosphere dynam-
ics, including microbial respiration, enzyme activities,
and biomass C, N, and P, and therefore ultimately plant
growth [31]. These results indicate that L.  camara  can
improve soil fertility and influence nutrient cycling, mak-
ing the substratum ideal for its own growth and might
explain the ability of the weed to out compete other
species.
In conclusion, L.  camara  aqueous extract suppressed
seed germination and seedling growth of both P.  minor
and S.  bicolor  and the suppressive effect increased witht aqueous extracts on radicle length of two weed species (P-value = 0.06
the increase of extract concentration. The result also
revealed that root elongation and shoot development of
the recipient species were markedly inhibited. Thus our
results suggested that L. camara  aqueous extract could
be used as a potential allelopathic substance. Meanwhile,
further studies under field conditions are necessary to
evaluate the possible use of L.  camara  aqueous extract
or its essential oils as bioherbicides for certain weeds
growing with some resistant crops.References
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